As part of a continuing study of phase equilibria in nonideal solutions, the purpose of this investigation was to determine the vapor-liquid equilibria for the following binary and ternary systems : methyl acetate-2-propanolbenzene at 760mmof Hg, and methyl acetate-chloroform, methyl acetate-benzene, chloroform-benzene, and methyl acetate-chloroform-benzene at 50°C, and to comparethe experimental results with data predicted using the Wilson and nonrandom two-liquid (NRTL)
equations.
Experimental
All C.P. grade chemicals were purified for experimental use. Methyl acetate was refluxed with anhydrous acetic acid, and then distilled.
The distillate was thenshaken with anhydrous potassium carbonate and redistilled in a glass column packed with McMahonpackings. Chloroform was distilled in a glass column. Benzene was subjected to repeated recrystallization.
2-Propanol was distilled twice in a packed column after storage over copper-anhydride. The physical properties of the purified chemicals are shown in Table 1 .
A Jones vapor-recirculation still was used to obtain the equilibrium data2). Boiling temperature was measured with a Yokogawa P~7B potentiometer and a calibrated copper-constantan thermocouple. The accuracy of the temperature measurements are believed to be within ±0.05°C. Temperature for the isothermal system was controlled at 50°C by adjusting the total pressure in the still with a Cartesian manostat. Temperatures for isobaric system were corrected to 760mm. of mercury2). Pressure effects on equilibrium data were considered to be negligible, since barometric pressure recorded during each experimental run ranged from 751.5 to. 760.4mm of Hg. Thecorrections tobemade to barometric reading were added to the measured atmospheric pressures2\
A Shimadzu Pulfrich precision refractometer and a sodium lamp were used to determine the refractive indices of binary and ternary mixtures. The precision of the measurements was within ±0.00005. Compositions of ternary mixtures were determined by measuring their refractive indices and densities. 10cc Ostwald pycnometers were used to obtain the densities of the mixtures. Weighings were made on a Shimadzu balance with a precision of O.OOOlg. The refractive index and density measurements were made at 25+0.1°C.
Data Analysis
The activity coefficient of any component i was calculated by the equation of equilibrium 
where <Pi is the vapor-phase fugacity coefficient andfi L is the fugacity of the pure liquid i at the temperature of the solution T, corrected to zero pressure. The partial molar liquid volume viL is taken to be equal to the pure liquid molar volume ViL. The vapor fugacity coefficient is expressed by the virial equation truncated after the second term
The molar volume of the gas mixture is related to the virial coefficient by
The fugacity of the pure liquid corrected to zero pressure is given by
where Pi is the saturation pressure of the pure liquid i and <Pi is the fugacity coefficient at 2Y, estimated by a correlation based on the three parameter corresponding states theory of Lyckman, Eckert, and Prausnitz4). The second virial coefficient for benzene was estimated by means of the generalized correlation of Pitzer and Curl9>. The second virial coefficients for methyl acetate, chloroform, 2-propanol, and the interaction virial coefficients were calculated by a correlation based on an extended corresponding states theory of O'Connell and Prausnitz8). The vapor pressure data for the pure components were taken from the literature1'7'10).
Experimental data for the binary systems are shown
in Tables 2 to 4 and those for the ternary systems in Tables 5 and 6 . The deviations from Raoult's law for the methyl acetate-benzene and chloroform-benzene systems are not so great as those for the methyl acetatechloroform system. A simple method to check the thermodynamic consistency of isothermal data is the area test2). The data for the methyl acetate-chloroform and the methyl acetate-benzene systems meet this test. This is not the case for chloroform-benzene. Inconsistency wasobserved in the higher chloroform concentration. This is probably due to experimental errors. Observed vapor mole fractions corresponding to the liquid compositions in question were only 0.005 higher than the consistent values calculated using the Wilson and NRTL equations described below.
The activity coefficients were correlated with the Wilson and NRTLequations12).
For a multicomponent mixture it has the form Binary parameters of Eqs. (8) and (9) were determined with experimental data using a nonlinear least square fitting program. The program minimizes the sum of squares of deviations in the vapor-phase mole fraction plus the sum of squares of relative deviations in pressure for all data points. The method seeks a minimumof the deviations on one parameter at a time by variation of one parameter, the other parameter being held constant, then fixed parameter is altered with a parameter increment set by a programmer and the next another minimum seeking iteration starts. The procedure is repeated until the improvement is negligible. The search starts with one parameter increment less than the first one at a time. 2) Hala, E., Pick, J., Fried, V. and Vilim, O. : Vapour-Liquid Equilibrium", 2nd ed., Pergamon, Oxford (1967) 3) Karr ibid., 14, 418 (1969) 
